
NASA T E C H N I C A L  
M E M O R A N D U M  

CRYOGENIC POSITIVE EXPULSION BLADDERS 

by R. F. Lark 
Lewis Research Center 
Cleveland, Ohio 

TECHNICAL PAPER presented at First Annual 
Cryogenic Polymers Conference sponsored by 
Case Institute of Technology and NASA 
Cleveland, Ohio, April 25-27, 1967 

1 

2 :  .: -\ N - 1  1 

NASA TM X- 52353 

NATIONAL AERONAUTICS A N D  SPACE ADMINISTRATION * WASHINGTON, D.C. * 1967 I 



. 

CRYOGENIC POSITIVE EXPULSION BLADDERS 

by R. F. Lark 

Lewis Research Center 
Cleveland, Ohio 

TECHNICAL PAPER presented at 

First Annual Cryogenic Polymers Conference 
sponsored by Case Institute of Technology and NASA 

Cleveland, Ohio, April 25-27, 1967 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 



CRYOGENIC POSITIVE EXPULSION BLADDERS 

by R. F. Lark 

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio 

ABSTRACT 

d co 
rl 
d 

I w 

. 

NASA-LeRC in-house and cont rac tua l  experimental programs were conducted 

t o  determine the  cryogenic f l e x i b i l i t y  of s ing le  and mult iple  p lys  of t h i n  

polymeric f i lms  a t  -320' and -423OF (77' and 20°K). Resul ts  of cryogenic 

f l e x i b i l i t y  or "twist-f lex" t e s t i n g  showed t h a t  t h i n  Mylar f i lms  a r e  the  most 

f l e x i b l e  of t he  f i l m s  t es ted .  The r e l a t ionsh ips  between cryogenic cyc le - l i f e  

and f i l m  thickness  and a l s o  f o r  t he  number of p lys  f o r  Mylar f i l m  a r e  reported 

a t  -320' and -4239 (77' and 20°K). 

Kapton and polyethylene f i l m  bladders a t  -423'F ( 20°K) a r e  summarized. 

Resul ts  of contractual, t e s t i n g  of Mylar, 

Bladder 

mater ia l  combinations showing the  lowest helium gas poros i ty  a f t e r  25 l i q u i d  

hydrogen cycles  a r e  Mylar and an organic fi lament-reinforced polyethylene f i l m  

l a m i  na t e and Kap t on/Nomex- Nyl on. 

INTRODUCTION 

A s  more complex space missions a r e  planned, new requirements become 

e s s e n t i a l  f o r  space vehicle  design. One of t he  a reas  of major i n t e r e s t  i s  the  

study and development of methods f o r  t r a n s f e r  or e jec t ion  of cryogenic propel- 

l a n t s  under a zero-gravity environment t o  a poin t  of usage. 

An e s s e n t i a l l y  zero-gravity environment i s  produced on a vehic le  and i t s  

component p a r t s  during c e r t a i n  por t ions  of i t s  space f l i g h t .  The re la t ive 

pos i t ions  t h a t  a f l u i d  and i t s  vapor w i l l  occupy i n  i t s  s torage tank during 

zero-gravity have been extensively inves t iga ted  (Ref. 1). Propel lant  tanks 

can be designed t o  explo i t  t he  known proper t ies  of surface tens ion  forces  and 

t o  o r i e n t  t he  f l u i d  and i t s  vapor over t he  appropriate  discharge por t s  by use 
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of surface tension stand pipes  and screens. However, adverse accelerat ions,  

such a s  l a t e r a l  movements caused by the  vehicle a t t i t u d e  cont ro l  system, may 

cause the  discharge por t  t o  be uncovered. 

pred ic t  the  loca t ion  of cryogenic f l u i d s  under zero-gravity. 

the  random movements of the  vapor bubble caused by varying temperature gradients  

throughout the  propel lant  tank. 

Another d i f f i c u l t y  i s  t o  accurately 

This i s  due t o  

The pos i t ive  expulsion concept of f l u i d  de l ivery  is, however, appl icable  

under a wide range of grav i ty  conditions. The term "pos i t ive  expulsion" a s  

applied t o  bladders  i s  defined a s  the  e j ec t ion  or discharge of a f l u i d  con- 

ta ined  within the  bladder by means of an ex terna l ly  applied force  (usua l ly  gas 

pressure).  

elastomeric bladders and diaphragms, and metal bellows or pistons.  

bladder or diaphragm remains the  predominant device i n  current  use f o r  pos i t i ve  

Basic approaches t o  pos i t ive  expulsion have included the  use of 

A f l e x i b l e  

expulsion of most "ear th  s torable"  propel lants .  

i n  f igu re  1. 

These a r e  shown schematically 

In t e rna l  wrinkling and folding of t he  bladder or diaphragm occurs 

during t h e  expulsion cycle. A t  e a r th  ambient temperatures, such mater ia l  

wrinkling has r e su l t ed  i n  few mater ia l  f l e x i b i l i t y  problems s ince elastomeric- 

l i k e  mater ia l s  may be e f f ec t ive ly  used. 

-423% or 2OoK f o r  l i q u i d  hydrogen), polymeric mater ia l s  no longer exhib i t  

elastomeric (i. e. , rubber-l ike) behavior. Most polymeric mater ia l s  become 

extremely b r i t t l e  and lack  s u f f i c i e n t  e x t e n s i b i l i t y  t o  withstand extensive 

A t  cryogenic temperatures (such as 

wrinkling and fo ld ing  without f rac tur ing .  Several programs have accordingly 

been i n i t i a t e d  t o  inves t iga te  the  use of f l e x i b l e  polymeric mater ia l s  f o r  cryo- 

genic expulsion bladder appl icat ions.  

The purpose of t h i s  repor t  i s  t o  summarize Lewis Research Center ' s  in-house 

and cont rac tua l  t e s t i n g  data  f o r  two promising polymeric expulsion bladder b a r r i e r  

f i l m s ,  (Mylar and Kapton) and two subs t ra te  mater ia ls ,  (polyethylene f i l m  and 
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Nomex-Nylon paper). 

mater ia l s  between b a r r i e r  p lys  f o r  increasing cryogenic cycle l i f e  i s  discussed. 

(It was an t i c ipa t ed  t h a t  "free f loa t ing ' '  f l e x i b l e  subs t ra te  p lys  would increase 

t h e  bend r a d i i  of f i l m s  during three-corner folding and hence extend cryogenic 

cycle l i f e  of t h e  composite f i l m s . )  

Research done t o  evaluate  the  concept of using subs t ra te  

Also included a r e  data  which show t h e  e f f e c t  of Mylar f i l m  thickness  on 

cryogenic " f l e x i b i l i t y "  (as determined by t h e  twist-flex t e s t  method) a t  - 3 2 0 9  

(77%) and the  improvement i n  tw i s t - f l ex  cycle  l i f e  a t  -320°F and - 4 2 3 3  (77OK 

and 20°K) by using multi-plys of Mylar f i l m .  

EXPULSION REQUIREMENTS 

Although complete d e f i n i t i z e d  cryogenic expulsion system requirements 

a r e  dependent on spec i f i c  appl ica t ion  requirements, c e r t a i n  general  require-  

ments can be l i s t e d  as follows: 

Expas ion  devices should: 

a)  Have minimum weight 

b )  Have low values of gas po ros i t i e s  f o r  t he  expulsion membrane. 

Minimum values  a r e  not present ly  defined and accordingly present  

goals  are t o  minimize porosity.  

Be capable of being f ab r i ca t ed  by p r a c t i c a l  and economical 

technique s . 
c )  

d )  Use commercially ava i l ab le  materials. 

e )  U t i l i ze  b a r r i e r  mater ia l s  t h a t  remain f l e x i b l e  a t  cryogenic 

temperatures and r e s i s t  failures caused by r o l l i n g  three-corner 

f o l d s  (formed by f o l d s  and wrinkles during expulsion cycl ing) .  

Figure 2 schematically shows the  severe elongation and s t r e s s i n g  

which i s  imposed on mater ia l s  during three-corner folding. 

Have multi-cycling capab i l i t y  t o  permit p re - f l i gh t  t e s t ing .  f )  

Typical polymeric bladder mater ia l  f a i l u r e s  are i l l u s t r a t e d  i n  Figure 3. 
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TEST APPARATUS 

F l e x i b i l i t y  Testing 

Since it w a s  not considered economical t o  screen polymeric mater ia l s  f o r  

cryogenic f l e x i b i l i t y  p rope r t i e s  by bui ld ing  and t e s t i n g  expulsion bladders,  

a t e s t  method (Ref. 2 )  w a s  developed t o  simulate wrinkling and fo ld ing  conditions 

encountered during bladder cycling. I n  addi t ion,  the  t es t  method uses low-cost 

samples of f i l m  i n  the  form of f l a t  sheets  four  inches i n  width and 11-inches 

i n  length.  The equipment used f o r  t h i s  t e s t i n g  i s  ca l l ed  t h e  " twist-f lex" 

t e s t e r  and i s  i l l u s t r a t e d  i n  f igu re  4. The sample i s  mounted on c i r c u l a r  end 

p l a t e s  and held i n  place with clamps as shown i n  f igu re  5. The motion imparted 

t o  t h e  sample during t e s t i n g  i s  shown schematically i n  f igu re  6. 

Early t e s t i n g  of f i l m s  v i a  t h e  tw i s t - f l ex  tester evaluated mater ia l  per- 

formance by the  v i sua l  "pin hole  failure c r i t e r i a " .  

u n t i l  f a i l u r e ,  such a s  p in  holes  and t e a r s ,  was detected by v i sua l  observation. 

(The da ta  obtained by t h i s  method had considerable s c a t t e r ) .  

"water bubble" f a i l u r e  c r i t e r i o n  was used f o r  t he  majority of polymeric f i l m  

Film samples were cycled 

The so-called 

samples tested a t  NASA-LeRC. The f i l m  samples were twist-f lexed both individ-  

ua l ly  and i n  multi-ply form f o r  a varying number of cycles. TJpon completion 

of cycling, t he  sample was placed i n  a gas poros i ty  t e s t i n g  f i x t u r e  which per- 

mit ted t h e  sample t o  be pressurized with helium gas a t  1 p s i g  (0.69 N/crnZ) from 

beneath t h e  sample. The upper surface of t h e  sample w a s  covered with a l aye r  

of water 1/4-inch (0.6 cm) deep. - Leakage of gas through f i l m  areas having high 

porosi ty ,  caused by extensive s t r e s s ing  during tw i s t - f l ex  cycling, w a s  observed 

v isua l ly .  I n  order t o  e s t a b l i s h  a f a i l u r e  l eve l ,  t he  following procedure was 

used : 

a)  When t h e  f lex-cycle  l i f e  of a sample w a s  unknown, samples were cycled 

i n  the  cryogen at i n t e r v a l s  of 10, 25, 50 or 100 cycles  and withdrawn 
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f o r  poros i ty  tes t ing .  

poros i ty  are not r e - i n s t a l l e d  on t h e  t e s t i n g  f ixture .  

had shown t h a t  r e - i n s t a l l a t i o n  could not be done i n  t h e  exact former 

manner and f l ex ing  could occur a t  new "bending poin ts" ) .  

When bubbles j u s t  become v i s i b l e  a f t e r  a minimum pressur iza t ion  period 

of t h ree  (3) minutes, t he  so-called "flex-life" of a sample was con- 

sidered t o  have been reached. 

A min imum of 1 2  add i t iona l  samples were then flex-cycled a t  o r  near 

t h i s  value. 

of t h i s  threshold value. 

The same f i l m  samples a f t e r  being t e s t e d  for 

(Experience 

The f l e x  l i f e  was found t o  be repeatable  wi th in  - + 10 percent 

Bladder Porosi ty  Test ing 

A method f o r  helium gas poros i ty  and leak  t e s t i n g  of bladders was developed 

This t e s t i n g  method by the  Beech Ai rc ra f t  Corporation under Contract NAS3-6288. 

was used during f ab r i ca t ion  t o  t es t  the  completed bladder as w e l l  as ind iv idua l  

bladder p lys  f o r  leakage. I n  addi t ion,  t he  t e s t i n g  method was a l s o  used t o  tes t  

bladders  for leakage after cryogenic cycle- tes t ing.  A schematic diagram of t h i s  

t e s t i n g  apparatus i s  shown on figure 7. An indiv idua l  ply or t h e  completed 

bladder i s  mounted ins ide  a g l a s s  b e l l  jar equipped with a tight f i t t i n g  cover. 

Helium gas i s  introduced i n t o  the  bladder u n t i l  1 ps ig  (0.6 N/cm ) pressure i s  2 

establ ished.  The volume of gas which permeates ehrough the  bladder material i s  

co l lec ted  i n  a b u r e t t e  by a f l u i d  displacement technique. The poros i ty  per  un i t  

time i s  ca lcu la ted  by dividing t h e  gas volume by the  elapsed time. 

for poros i ty  were conducted a t  75' F (276' K ) .  

All t e s t s  

. 
Cryogenic Expulsion Testing 

A schematic of t h e  expulsion f a c i l i t y  f o r  t h e  l i q u i d  hydrogen t e s t i n g  of 

bladders  by Beech Ai rc ra f t  Corporation, under NAS3-6288, i s  shown i n  f i g u r e  8. 
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This f a c i l i t y  has the  capab i l i t y  of t e s t i n g  by e i t h e r  "outward" or "inward" 

expulsion. Liquid hydrogen i s  conducted v i a  vacuum jacketed piping from a 

storage dewar. Gaseous helium f o r  pressur iza t ion  of t he  bladder t e s t  tank i s  

pre-chi l led by means of a heat  exchanger mounted i n  the  storage dewar. 

RFSTJLTS AND DISCUSSION 

. Single Ply Samples 

This NASA-LeRC inves t iga t ion  w a s  pr imari ly  l imi ted  t o  commercially ava i lab le  

f i l m s  and f i l m  composites, and included a l l  k n m  materials which were ava i lab le  

i n  f i l m  form. 

temperature of -32OoF (77?K), and f i n a l l y  a t  - 4 2 3 9  (20%). 

and Kapton which demonstrated high cryogenic f l e x i b i l i t y  were examined i n  more 

d e t a i l  t o  e s t a b l i s h  t h e  r e l a t ionsh ip  between twis t - f lex  cycle l i f e  and f i lm  

t h i c  kne ss. 

Extensive screening f l e x i b i l i t y  was performed i n i t i a l l y  a t  the  

Films such a s  Mylar 

The polymer showing the  most promise was poly (ethylene t e r ep tha la t e ) .  A 

b i a x i a l l y  or iented f i l m  of t h i s  polymer i s  known commercially as Mylar. 

grades of t h i s  f i l m  were evaluated and Mylar-Type C proved t o  be t h e  most f lex ib le .  

Figure 9 shows the  r e l a t ionsh ip  of ( s ing le  Ply)  Mylar f i l m  thickness  t o  cryogenic 

Various 

cycle l i f e  a t  -320% (77%). It can be seen t h a t  t h e  1/4 mil (. 00063 cm) f i l m  

showed t h e  highest  twis t - f lex  cycle l i f e  of t h e  thicknesses  tested. 

Multi-Ply Samples 

It was bel ieved t h a t  porosi ty  of polymeric bladder materials t o  helium gas 

. could be decreased by using t h i n  b a r r i e r  f i l m s  i n  a multi-ply configuration. 

I n  addi t ion,  it was a lso  believed t h a t  mult iple- thin b a r r i e r  f i l m s  used alone o r  

i n  combination with subs t ra te  p lys  would g rea t ly  increase cryogenic cyc le- l i fe  

performance. 

f i l m s  precluded using a single-ply bladder f o r  attainment of minimum values of 

E 

The poor twis t - f lex  cycling performance of r e l a t i v e l y  th i ck  Mylar 

helium gas porosity.  
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Many t h i n  f i l m s  of material used together  would a l s o  r e s u l t  i n  an o v e r a l l  

increase i n  the  "bend r a d i i "  of t h i s  composite material during fo ld ing  and 

wrinkling. A corresponding increase i n  cryogenic cycl ing performance should 

be achieved. Thin p lys  of b a r r i e r  f i l m s  such as Mylar, are however, very sus- 

cep t ib l e  t o  tear ing .  Therefore, t h e  concept of using f l e x i b l e  subs t r a t e  

materials such as f a b r i c s  and f e l t  between b a r r i e r  p lys  t o  i n h i b i t  t ea r ing  

tendencies was evolved. 

. 

Twist-flex da ta  f o r  mult iple  unbonded plys  of Mylar C as w e l l  as severa l  

da t a  poin ts  f o r  b a r r i e r  f i lm/subs t ra te  combinations are shown on f igu re  10. 

Again, it can be  seen t h a t  samples made of 1/4 m i l  ( .00063 cm) Mylar f i l m  showed 

t h e  highest  cycle l i f e .  Also, t h e  da ta  shows t h a t  cyc l i c  l i f e  a t  -423'F (20°K) 

i s  subs t an t i a l ly  lower than a t  -320°F (77'K). 

f l e x  performance of two p lys  of 1/2 m i l  (.00125 cm) Mylar and one p l y  of Dacron 

f a b r i c  has been p lo t t ed  along t h e  "plain" 1/2 m i l  (.OOl25 cm) Mylar curve f o r  

t h e  -320°F (77'K) t e s t i n g  on f i g u r e  10. A negl ig ib le  increase i n  performance 

can be seen. A da t a  point  showing t h e ' t w i s t - f l e x  performance of f i v e  p lys  of 

1/4 m i l  (.00063 em) Mylar f i l m  and four  p lys  of Dacron f a b r i c  has a l s o  been 

p l o t t e d  along t h e  "plain" 1/4 m i l  (.00063 cm) Mylar curve f o r  t e s t i n g  a t  -320°F 

(77'K). 

A da ta  point  showing t h e  t w i s t -  

A somewhat g rea t e r  increase i n  performance i s  noted. 

During t h e  cryogenic tw i s t - f l ex  t e s t i n g  of multi-ply polymeric samples of 

e i t h e r  Mylar o r  Kapton a t  NASA-LeRC, it w a s  noted t h a t  d i f fus ion  of t h e  cryogens, 

i . e . ,  l i q u i d  ni t rogen or l ikuid hydrogen, between the  p lys  occurred while t h e  

samples were immersed. Subsequent removal of t h e  samples from t h e  cryogen 

r e s u l t e d  i n  i n f l a t i o n  of t he  plys  caused by evaporation of t he  cryogen. The 
* 

Beech Ai rc ra f t  Corporation w a s  d i r ec t ed  t o  evaluate  t h i s  problem more f u l l y  

under Contract NAS3-6288. It w a s  found t h a t  i n t e r p l y  i n f l a t i o n  would occur i n  
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twist-flex samples which were simply immersed in the cryogen (liquid hydrogen) 

for a period of time up to 30 minutes and then quickly withdrawn. The appearance 

of both flat and cylindrical-type specimens before and after immersion is shown 

in figure 11. There did not appear to be a well defined correlation between 

the degree of inflation versus the number of cycles the samples were tested nor 

. for varying times of immersion in the case of the static immersion tests. 

On a basis of measuring thicknesses of inflated twist-flex samples (at 

ambient temperatures), however, Kapton film did show more serious interply 

inflation tendencies than Mylar. 

A possible explanation for interply inflation is that the diffusivity of 

a cryogenic liquid through a polymeric film (at the temperature of the cryogen) 

is higher than the diffusivity rate of the vapor through the film at ambient 

temperatures. There is also a cryopumping action caused by the atmosphere 

contained between the plys shrinking upon cooldown and occupying less volume 

at low temperatures, hence, resulting in a reduced inter-ply pressure. This 

reduced inter-ply pressure would then tend to come to an equilibrium with the 

pressure of the surrounding cryogen by passage of the cryogen into the inter-ply 

area. The high liquid-to-gas expansion ratio (784 for LH2) would result in the 

evaporation of an insignificant of volume of liquid to a large volume of gas at 

ambient temperatures. In some test specimens (at NASA-LeRC) inflation was suf- 

ficient to cause rupture of the samples. 

Bladder Fabrication Technimes 

s In addition to cryogenic flexibility and low porosity considerations, a 

polymeric film should be amenable to processing into the shape of bladders or 

diaphragms. Ideally, a bladder should be a seamless structure to achieve maximum 

reliability and uniformity, or, at most, have a maximum of one circumferential 
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seam for the joining of two (2) hemispherical film shapes. 

has been expended at NASA-LeRC and on a contractual effort (NAS3-6288) to 

evaluate the potential of Mylar films shaped by vacuum and/or pressure forming. 

The potential for decreasing the cost of bladders appeared high due to signifi- 

cantly lower labor requirements compared to a bladder constructed from gore 

Considerable effort 

L segments. 

The Boeing Company has developed a process for stretch forming 1/4 mil 

(.00063 em) Mylar film into wrinkle-free hemispheres. 

made by this process were procured and tested by Beech Aircraft Corporation 

under NASA-LeRC Contract NAS3-6288. Hemispheres were cut into twist-flex 

samples and tested for porosity and twist-flex life in liquid hydrogen. High 

values for porosity and low cryogenic cycle life ruled out the use of this 

material for bladders in the program summarized here. Subsequent porosity 

testing by NASA-LeRC of stretch formed Kapton films for Boeing Company under 

Contract NAS3-7952 also indicated high porosity values. Accordingly, the decision 

was made to use the gore method for construction of bladders in both programs. 

In this method "Orange-peel" or gore segments cut from flat f i l m  are joined by 

use of adhesives. 

A number of hemispheres 

Prior to fabrication of bladders in Beech's contract, an extensive evaluation 

was conducted of seaming methods for joining the most flexible and promising 

types of film, i.e., thin films (on the order of 1/2 mil (.00125 cm) or less in 

thickness) of polyethylene (for use as a substrate ply), Mylar and Kapton. 

Samples of these films were made up into twist-flex specimens with variations 

in the type of seams, i.e., butt or lap, thickness of adhesive (previously 

screened at NASA-LeRC and found to be flexible at cryo temperatures), and seam 

width. Test results confirmed previous experience by NASA-LeRC which indicated 

. 
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that either the lap or butt-type of seam was acceptable provided that the 

adhesive was applied in a thickness no greater than the film being bonded. 

The type of adhesive found most acceptable for bladders was a thermoplastic 

polyester type manufactured by the G. T. Schjeldahl Company. The adhesive in 

liquid and tape form is designated "GT-100". The tape was used f o r  all lap- 

type seams, A Mylar-C film tape coated on one side with GT-100 was used for 

all butt-type seams. 

Joining of Mylar-C films by ultrasonic welding was also evaluated under 

Contract NAS3-6288. 

single plys of 1/4 mil (.00063 cm) film. 

This technique did not prove feasible for the sealing of 

Testing experience in the various referenced programs habe all indicated 

that anticipated problems with seams in twist-flex and bladder specimens have 

not materialized. It appears that the bulky nature of seams forces films 

wrinkling and folding to occur in the unseamed portion of test specimens. No 

known gross bladder failures tested in Contract NAS3-6288 have been traced to 

seams, 

Bladder Testing 

On the basis of NASA-LeRC and Beech cryogenic twist-flex testing of single 

and multiple plys of film, the contractor was directed to construct and test 

spherical bladders on NAS3-6288 made from the materials listed below: 

Polymeric Film Bladders 

Nominal Diameter-12 inches (30.5 cm) 

Bladder Type 

Barrier Plys 

- -  

CONSTRUCTION 

Substrate Plys 

12 plys 0.15 mil (.00038 cm) 10 plys MERFABQ 
Mylar C 

10 plys 0.25 mil (.00063 em) 3 plys - 2 mil (.OOS1 cm) 
Mylar C Nomex-Nylon Paper$$ 
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Bladder Tvpe 

3 

4 

5 

CONSTRUCTION 

Barrier Plys Subs t ra te  Plys 

10 p lys  0.25 m i l  (.00063 cm) 3 p lys  - 2.2 ounces/yd2 

f a b r i c  
Mylar C ( .008 gm/cm2) Dacron 

10 p lys  0.25 ( .00063 cm) 
m i l  Mylar C 

None 

10 p lys  0.50 (.00125 cm) 3 p lys  - 2 m i l  (.005 cm) 
m i l  Kapton Nomex-Nylon paper 

$A sandwich laminate of 2 plys  of 0 .1  m i l  (.00025 cm) polyethylene f i l m  with an 

i n t e r p l y  reinforcement of Dacron f i b e r s  - product of Sea Space Systems, Inc.  

$$Polyamide f ibrous  material - product of DuPont . 
Two bladders of each type were cycle- tes ted i n  l iquid'hydrogen up t o  a 

maximum of 25 cycles .  The conventional method of bladder  expulsion, i . e . ,  inward 

expulsion w a s  spec i f ied .  This method i s  commonly used f o r  t he  e a r t h  s torab le-  

type propel lan ts .  Bladders were t e s t e d  f o r  helium gas po ros i ty  a t  ambient t e m -  

pera tures  p r i o r  t o  t h e  f i r s t  cycle  and after each f i f t h  cycle .  

A progressive increase w a s  found i n  gas poros i ty  with t h e  number of  cycles  

tested.  In te r -p ly  i n f l a t i o n  proved t o  be a ser ious  hindrance t o  t h e  successful 

t e s t i n g  of t h e  bladders while using inward expulsion. In t e r -p ly  i n f l a t i o n  w a s  

observed immediately af ter  introduct ion of t h e  cryogen in to  t h e  i n t e r i o r  of the  

bladder.  The cryogen i n i t i a l l y  would start  c h i l l i n g  t h e  bottom area of t h e  

bladder.  Diffusion of t h e  l i q u i d  cryogen would then t ake  p l ace  through t h e  inner  

* plys  of t h e  bladder near t h e  bottom. Subsequent evaporation of t h e  d i f fused  

cryogen by w a r m  port ions of t h e  bladder p lys  then took p lace  which r e su l t ed  i n  

progressive p l y  i n f l a t i o n .  I n f l a t i o n  continued u n t i l  much of t h e  volume of  t h e  
* 

t es t  tank w a s  occupied with i n f l a t e d  plys  which prevented f i l l i n g  of t h e  bladder.  

After experiencing f i l l i n g  d i f f i c u l t i e s  by inward expulsion, a por t ion  of t h e  
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cycles on several bladders were performed using an outward expulsion technique, 

i.e., cryogen on the exterior of the bladder. The effect of inter-ply inflation 

was not observed for these cycles due to a lack of an appreciable temperature 

gradient across the bladder plys (i.e., during outward expulsion, the bladder 

is not in contact with the relatively warm tank walls as is the case for inward 

expulsion). 

Bladder testing data indicated that all bladders showed at least some 

incipient material failures after five LH2 cycles. Porosity measurements at 

five cycles and at the maximum number of LH cycles tested are shown below: 2 
Bladder Types 

1 

1 

2 

Porosity Values (cm3/min) / LH? Cycles 
14/59 5800/ 2 5 

1015, 

50015 , 
18/25 

2 1015, 3300125 

3 30015, 28,000115 

3 59/57 17 000125 

4 700 /5 ,  28,000/25 

4 3115 9 428125 

5 13/57 80125 

5 215, 240125 

Type 5 (Kapton) bladders yielded the lowest values of porosity up to 25 LH2 

cycles and also the most consistent performance. The most severe interply 

inflation difficulties were experienced with these bladders during inward 

expulsion. Filling and expulsion operations were, however, excellent with 
b 

outward expulsion. 

The lowest value for helium gas porosity after 25 LH2 cycles was achieved 

by one of the Type 1 bladders. Much of the test data scatter for the other 
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bladder of this type, as well as other bladders, however, can be attributed 

I to random material failures (i.e., splits, tears, pinholes and porous areas) 

originating near the stem attachment and polar cap areas of the bladder. It 

is believed that over stressing and wrinkling of the bladder material was more 

severe in these areas. Some of these failures could also be attributed to 

over-stressing of the bladder material during insertion into and removal of 

the bladder from the expulsion tank for ambient temperature porosity measure- 

ment s, 

SUMMARY OF RESULTS 

The results of the bladder development programs can be summarized as 

follows : 

a) Combinations of flexible polymeric films have been successfully 

developed. Thin films of Mylar and Kapton retain sufficient flexi- 

bility and toughness, at the temperature of liquid hydrogen, to be 

useful for construction of cryogenic expulsion bladders. 

b) Bladder fabrication techniques for joining flat gore film segments 

into spherical bladders have been successfully developed. 

c) The use of multiple unbonded and independent plys of films increases 

the cryogenic cycle life performance of bladder materials. 

The use of flexible substrates between bladder plys to serve as "bend d) 

radii increasers" or cycle-life extenders has not been established 

conclusively. 

The optimum number of plys for a bladder in LH2 service has not been e) 

established. It would appear that substantial increases in cryogenic 

cycling performance can be obtained by increasing the number of plys 

beyond that evaluated in these programs. The upper limit to the number 
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of plys would be very likely limited by such practical considerations 

as bladder weight, decreased volumetric expulsion efficiencies due to 

physical bladder bulkiness and fabrication costs. 

Bladder materials which rated lowest in helium gas porosity (at 

ambient temperature) after 25 liquid hydrogrn cycles were Mylar/MERFAB 

and KaptonlNomex-Nylon paper combinations, 

The utilization of thin multi-ply polymeric film bladders is particularly 

promising where, (1) some diffusion of the pressurant gas into the pro- 

pellant can be tolerated and (2 )  where inter-ply inflation can be con- 

trolled as is the case for outward expulsion. 

f) 

g) 
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2. Positive Expulsion of Cryogenic Liquids. 
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Figure 1. - Positive expulsion devices. 
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Figure 2. - Mater ia l  fa i lures caused by ro l l i ng  t h r e e  c o r n e r  folds. 
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,/’ throt t l ing 
UI valve 
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completed bladder 

‘- “Bel l - jar ’ ’  leak testing f ix ture 

Figure 7. - Schematic for bladder and bladder ply leak 
checking. 
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Figure 8. - Expulsion test system schematic 
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F igure 10. - Relat ioLship o i  number  of 
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life. 

F igure 11. -F la t  and  cy l indr ica l  f i lm  samplers before and  after immers ion in LHp 


